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INTRODUCTION 
GENERAL; 
Alpha-2-macroglobulin ( OLM) i s one of the major pro te inase 
i n h i b i t o r found in the blood plasma of ve r tebra tes (Starkey and 
Ba r r e t t , 1982). Human OC2M i s a l a rge (725 kDa) te t rameric glyco-
prote in which has evolved in to a wide spectrum i n h i b i t o r of v i r t u -
a l l y a l l endoproteinases regardless of t h e i r spec i f i c i ty o r c a t a -
l y t i c mechanism (Starkey and Ba r r e t t , 1977)• As a prote inase 
i n h i b i t o r , i t shows several unusual fea tures which include i t s 
a b i l i t y to i nh ib i t prote inases without d i r e c t blockage of t h e i r 
ac t ive s i t e s (Haverback et a l . , 1962; Ganrot, 1966; Karic and 
Glaser , 1981) and possession of an in te rna l t h i o l e s t e r bond in i t s 
s t ruc tu re (Howard, 1981; Sottrup-Jensen et a l , , 1980). 
The vinique s t e r i c mode by >riiich Oi^ binds the prote inase 
i s made poss ib le by a se r i e s of molecular events , s t a r t i ng with 
p ro teo lys i s a t the sequence of residues tenned the "bai t - region" 
(Barret t and Starkey, 1973; Harpel, 1973; Mortensen et a l . , 1981). 
Proteolys is a t the bai t - region oi:CK.J\ r e s u l t s in the cleavage of 
the in t e rna l t h i o l e s t e r s (Sottrup-Jensen et a l . , 1980), and produces 
a la rge conformational change t h a t r e su l t s in the entrapment of the 
prote inase (Van Leuven, 1982). Ant igoi ic i ty of the entrapped 
prote inase i s completely masked in most of the cases (Haverback 
et a l . , 1962; Miyata et a l . , 1980). During t h i s conformational 
change the "receptor-recognit ion s i t e s " t h a t f a c i l i t a t e the binding 
of a2M-proteinase to the c e l l surface receptors and rapid 
clearance from the c i rcu la t ion are exposed on the i n h i b i t o r 
(Van Leuven et a l . , 1979; Imber and Pizzo, 1981; Gliemann et a l . , 
1983). 
o{,^ binds a var ie ty of other pro te ins and pept ides in a 
manner unrelated to the proteinase binding mechanism (Sayers and 
Bar re t t , 1980; Ba r re t t , 1981; Wu et a l . , 1981; and O'Connor-McCourt 
and Wakefield, 1987). In addition i t has been iden t i f ied as one of 
the major zinc ion binding prote in in human serum (Par i s i and 
Vallee, 1970; Prasad and Oberleas, 1970), and over 30% of the t o t a l 
zinc i s associated with i t (Falchuk, 1977; Song and Adham, 1979). 
The high a f f in i ty of OC2M has been used to good advantage in the 
i so la t ion of ^ by zinc chela te chromatography (Kurecki et a l . , 
1979). 
Credit for the f i r s t i so la t ion of a^M i s generally given to 
Bixjwi et a l . (195^) who reported the i so la t ion of a thennocoagulable 
OC2 glycoprotein in c r y s t a l l i n e form from Cohn's f rac t ion I I I - 0 . The 
name ^ macroglobulin, describing i t s e lec t rophoret ic mobili ty and 
high molecular weight was given to t h i s prote in by Schultze and 
coworkers (1955). The most frequently quoted early i so l a t ion and 
character iza t ion oi (X,^ i s however t ha t of Schonenberger et a l . 
(1958) who also established tha t a^M had a molecular weight of 820-
950 kDa by sedimentation and diffusion coeff ic ient measurements. I t 
was also shown tha t cx^ M i s a glycoprotein making about one t h i r d of 
t h e ctp f r a c t i o n of serum p r o t e i n s and c o n s t i t u t i n g approximately 2% 
of t h e t o t a l serum p r o t e i n s . Schul tze e t a l . (1963) were t h e f i r s t 
t o recognize OC^M as a p r o t e i n a s e i n h i b i t o r . These workers i s o l a t e d 
t h e CXp "plasmin i n h i b i t o r " from plasma and foimd i t t o be i d e n t i c a l 
wi th (XJfi t hey had i s o l a t e d e a r l i e r . 
MOLECUUR STRUCTURE; 
Human oCpM i s a 720-725 kDa g lycopro t e in (Hal l and Rober t s , 
1978; Jones e t a l . , 1972), c o n s i s t of four 185 kDa subun i t s (Ha ipe l , 
1973; B a r r e t t e t a l . 1979; Frenoy and B o u r r i l l o n , 1977; Ha l l and 
Rober t s , 1978) . The subun i t s a r e chemical ly i d e n t i c a l (Swensen and 
Howard, 1979a; So t t rup-Jensen e t a l . 1979; Ha l l e t a l . , 1981) . Two 
subuni t cha ins a re cova l en t ly l i nked by d i s u l f i d e bonds t o foxm t h e 
protomers o r t h e ha l f -molecu le s and f i n a l l y t h e two protomers a r e 
Joined by non-cova len t f o r c e s t o form t h e complete fou r subun i t 
molecule ( B a r r e t t and S ta rkey , 1973; So t t rup- Jensen e t a l . , 1983) . 
(XJ'[ has 2 p r o t e i n a s e binding s i t e s , each c o n s t i t u t e d by a 
h a l f molecule and t h e binding s to ich iomet ry f o r most of t h e enzymes 
i s 2 : 1 , enzyme: 0C2M (Van Leuvan, 1982; Rober t s , 1985; Gonias and 
P i z z o , 1983a) . However, plasmin and thrombin, because of t h e i r very 
high molecu la r weight show 1 :1 , enzyme: oCpM binding s t o i c h i o m e t r y . 
a) The Thio l E s t e r Bound Loop Regions - <XJ^ i s c h a r a c t e r i z e d by 
t h e p resence of i n t e r n a l t h i o l e s t e r bond fonned from t h e t h i o l group 
of a c y s t e i n e r e s idue and t h e /"carboxyl group of a nearby g lu tamic 
acid residue (Fig .1 ) a feature shared with two complement p ro te ins 
C, and C, (Tack, 1983; Thomas et a l . , 1982; Cambell, 1981). The 
t h i o l e s t e r bond i s highly suscept ible to nuc leophi l l i c a t tack by 
amines leading to t h e i r covalent incorporation as shown in the 
f igu re . The ra te of reaction with amines f a l l s off rapidly as the 
chain length or the bulk of the alkyl port ion of the amine i s 
increased by only one or two carbons (Barret t et a l . , 1979). This 
suggests tha t the t h i o e s t e r bond i s s t e r i c a l l y well protected in 
the nat ive C(.J\, 
The t h i o l e s t e r bond i s both thermolabile and a l k a l i s a i s i t i v e , 
Heat or a lka l ine pH cleave a peptide bond adjacent to the glutamic 
acid residue apparently preceded by an in t e rna l nucleophi l ic a t tack 
by the amide group of t h i s peptide bond resu l t ing in the formation of 
an in te rna l pyroglutamyl residue (Fig. 1 ) . This in t e rna l pyroglu t -
amyl residue i s unstable and a cleavage of the peptide bond r e s u l t s 
in the fragmentation of the subimit, (Howard, 1981; Salveson et a l . , 
1981). 
b) The Bait Region - Located near the middle of eachoc^M subunit i s 
a sequence of residues termed the "ba i t - reg ion" . Proteinases a t tack 
d i f fe ren t peptide linkage of the ba i t - region according to t h e i r usual 
spec i f i c i ty (Hall et a l . 1981; Mortensen et a l . , 1981; Sottrup-Jensen 
et a l . , 1981a). Sottrup-Jensen et a l , (1981a) have determined the 
sequence of the bai t - region (Fig. 2) and have iden t i f i ed the cleavage 
s i t e s for a var ie ty of p ro te inases . This s t r e t ch of sequence which 
Figure 1. The s t ruc tu re of the t h i o e s t e r 
bond loop in a^M and react ion 
products occurring upon r eac -
t ion with amines (upper r eac -
t ion) and during hea t / a lka l ine 
cleavage of the subunit chain 
(lower r eac t i ons ) . 
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' C H , ' 
Pyroyiutaminic acid 
blocked N terminal 
i s about 20-30 amino acids long contains a s ingle cys te ine , four 
residues in from the l e f t and no asparagine residues t ha t could 
be glycosylated. Thus, the ba i t region i s a p a r t of the subunit 
chain with an amino acid sequence meeting the spec i f i c i ty of most 
endopeptidases, free of protect ing carbohydrate moieties and 
r e s t r i c t i n g disulphide bonds. The high a c c e s s i b i l i t y and the 
v a r i a b i l i t y of amino acid residues in the ba i t region therefore 
enablesOipM to inh ib i t such a large var ie ty of endopeptidases. 
c) The Transglutaminase Crosslinking S i t e - Adjacent to the b a i t -
region, there i s a transglutaminase crossl inking s i t e which i s 
involved in the c lus ter ing of membi'ane boxmd otJ^l prote inase complexes 
and i t s endocytosis into a var ie ty of c e l l s (Mortensen et a l . 1981). 
d) The Receptor Binding Domain - Van Leuven et a l . (1986) have 
studied the cleavage of oc^ M a t s i t e s other than ba i t - r eg ion . 
Employing a bac te r i a l p ro te inase , they have obtained a 20 kDa fragment 
which contained the receptor recognition s i t e . This 20 kDa domain 
contained an in t ac t disulphide bridge and N-linked carbohydrates. 
1313 Proteolys is occurred at Lys -Glu bond and the fragment const i tu ted 
the COOH tenninus of human OC^ M. 
e) The Carbohvdrate Chain - CX pW i s a glycoprotein with a t o t a l 
carbohydrate content of 9.43% of the t o t a l diy weight of the molecule 
(Dunn and Spiro, 1967; Hall and Roberts, 1978). I t contains 31 
carbohydrate chains per molecule. The carbohydrate un i t s d i f f e r 
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considerably in size and are attached to the polypeptide by 
glycosylamine linkage to asparagyl residues (Dunn and Spiro, 
1967). Two points of attachment of these carbohydrate moieties 
have been identified; one in the thioester loop region and the 
other in the 20 kDa receptor binding domain, 
MECHANISM OF INTERACTION WITH PROTEINASES; 
The mechanism of inhibition of proteolytic activity by 
OOl is unique and so profoundly different from that of other 
proteinase inhibitors that Laskowski and Kato (1980) questioned 
the designation otC^Jfi as an inhibitor in the chemical sense. 
In general, proteinase inhibitors have following properties 
a) the inhibitor abolishes all enzymatic activity towards all 
substrates, b) the inhibition is strictly competitive and 
c) a particular inhibitory site can only inhibit proteinases 
belonging to a single proteolytic class (as defined by Hartley, 
1960) and frequently shown as even narrower range of specificity, 
Ot M exhibits none of these properties. 
The working hypothesis for the mechanism of inhibition of 
proteinases byCX'-M which accounts for all the known features of 
this inhibition is the trap hypothesis proposed by Barrett and 
Starkey (1973). This hypothesis proposes that binding of protein-
ase is initiated by a proteolytic attack on the bait region of 
OjjM which leads to a conformational change resulting in the irre-
vers lb le entrapping of the enzyme within the(XpM molecule. This 
entrapment in t e r fe res with p ro teo lys i s by s t e r i c a l l y hindering 
the access of large molecular weight subs t r a t e s . Large molecular 
weight proteinase or inh ib i to r s of the enzyme are also unable to 
gain access in i t s enclosed environment (Harpel and Mossesen, 1973; 
Bieth et a l . 1981; Gonias and Pizzo, 1983a). The access of the 
ac t ive s i t e to low molecular weight subs t ra tes or inh ib i to r s i s 
however not affected (Haverback et a l . , 1962; Ganrot 1966, 1967; 
Karic and Glaser , 1981). 
Following the p ro teo ly t i c c l ip in the ba i t - region of CXp^ * 
the t h i o e s t e r bonds are broken, releasing free -SH groups. This 
f a c i l i t a t e s the entrapping conformational change and covalent 
l inkage of the proteinase at the glx residue of the cleaved t h i o -
e s t e r bond (Salvesen and Bar re t t , 1980; Sottrup-Jensen et a l . , 
1981)(Fig.3 ) . This change r e s u l t s in a compacting of the molecule 
as determined by hydrodynamic s tudies (Gonias et a l . , 1982b;BJork 
and Fish, 1982) and small angle X-ray sca t te r ing techniques 
(Brangegord et a l . , 1982; Osterberg and Malmensten, 1984). This 
compaction of the molecule can readily be demonstrated by a "slow" 
to "fast" sh i f t in e lect rophoret ic mobility in non denaturing PAGE 
(Barret t et a l . 1979; Nelles et a l . , 1980). Yet another conse-
quence of t h i s conformational change i s the exposure of the 
receptor recognition s i t e s on the molecule which allow the rapid 
clearance of 0C2M-proteinase complexes from the c i rcu la t ion as 
mentioned e a r l i e r . Following the binding, cx.2M-proteinase complex 
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to the speci f ic receptor s i t e s on the surface of hepatocytes and 
the ce l l s of re t icu loendothe l ia l system, they undergo endocytosis 
(Debanne et a l . , 1975; Imber and Pizzo, 1981; Feldman et a l « , 
1983). In vivo clearance s tudies have shown t h a t the h a l f - l i f e 
of the c i rcu la t ing ex. J l - t ryps in complex i s only 2-4 minutes (Imber 
and Pizzo, 1961) which i s strikingly; low than tha t of nativeCX^M. 
The exposure of the receptor recognition s i t e i s also accompanied 
by the exposure of a neo-antigenic s i t e oncX^M which i s recognized 
by a monQclonal antibody (Marynen et a l , , 1981; Str ickland et a l . , 
1988). This antibody does not react with na t ive OCp^  and blocks the 
receptor-inediated endocytosis of 0I2M-proteinase complexes suggesting 
tha t the neo-antigenic s i t e i s the receptor binding s i t e . 
Small primary amines such as methylamine and ethyl amine 
may react d i r ec t l y with ocJ4 t h i o e s t e r bond in the absence of p r o -
te inase and render i t inac t ive (Barret t et a l , , 1979; Sot t rup-
Jensen et a l . , 1980). This react ion r e su l t s in the covalent incor -
poration of the amine in to the i n h i b i t o r (Fig. 1)(Swenson and 
Howard, 1979) with the l i be ra t i on of free sulphydryl groups 
(Salvesen et a l . , 1981) and conformational change in the molecule 
which i s very s imi la r to or iden t i ca l with t ha t observed in case 
of CXJM-proteinase complex (Gonias et a l 1982b; Bjork and Fish , 
1982; Barret t et a l . , 1979)* The amine transformed 0C2^  i s also 
recognised by the ce l l s of the re t i cu lo endothel ia l system and 
cleared away from the c i rcu la t ion in exactly s imi la r fashion 
(Van Leuvan et a l . , 1979; Imber and Pizzo 1981; Gliemann et a l , , 
1983). 
Figure 3 . Formation of covalent bonds 
between Ot M and prote inases 
by way of the t h i o e s t e r 
bond loop. 
-Gly-NH-CH-CO-Giy-Glu-NH-CH-CO-Asn 
I I 
II 
0 
PROTEINASE -NH 
-Gly-NH-CH-CO-Gly-Glu-NH-CH-CO-Asn 
CH 
I 
SH CH2 
C = 0 
f 
HN - PROTEINASE 
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SHAPE/MODEL: 
Feldman et a l , (1985) have presented a model of human Ot.2M 
t h a t i s compatible with previous s tudies of the s t i v c t u r e , function 
and phylogeny of the pro te in (Fig, 4 ) . The model of the molecule 
resembles a hollow cyl inder . In electron micrographs,(Xp^ appears 
as a Cyr i l l i c "H" (^ )* A plane perpendicular to the axis of the 
cyl inder and crossing halfway between the ends of the molecules 
separates the inh ib i to r into 2 iden t i ca l functional ha lves . Each 
ha l f i s made up of a ring with four aims (two per monomer) p r o j e c t -
ing from one s ide . Each monomer i s const i tu ted of one long and 
one short arm. The other side of the ring makes contact with the 
second functional hal f . Trapping of the prote inases can occur by 
movement of one long arm pe r monomer, two arms pe r functional hal f , 
are 
These long arms/termed as t rap arms. As presented, the molecule 
has th ree 2-fold axes of symmetry (Cp) (one through the axis of the 
cyl inder and two perpendicular to i t and to each o ther in the median 
plane) and/no miror planes consis tent with the presence of four 
i den t i ca l polypeptide chains . 
The prote inase binding s i t e s are on e i t h e r s ide of the cent ra l 
r ings aligned along with the cen t ra l axis of the molecule,Ajccording 
to t h i s model, the only conformational change required to effect a 
t r ap mechanism i s a s l i gh t movement of the l a t e r a l arms of the 
molecule. Movement of the other 2 arms of the functional domain 
may occur but i s not required for trapping in the model. I t i s 
13 
postulated tha t the t h i o e s t e r bond loop i s located near the hinge 
of the t rap ami of each subunit . Cleavage of the t h i o e s t e r allows 
the t rap arm to swing. In t h i s model, then, react ion with amine 
can resu l t in the same conformational change obtained by p ro t eo ly t i c 
cleavage of the ba i t region. The t h i o e s t e r within a p a i r are close 
together (at the base of adjacent t rap ams separated by the plane 
between the functional ha lves ) , whereas the two p a i r s are located 
about 7 nm (the diameter of the ring in t h i s model) apa r t . 
Approximate dimensions of (X^ M obtained by these workers (Feldman 
et a l . , 1985) are in good agreement with previous report (Barret t 
and Starkey, 1973). The model fur ther p r ed i c t s tha t there i s one 
recognition s i t e present on each subunit (one per t rap arm and two 
per half-molecule) located at the in te r face between functional ly 
act ive ha lves . Trap closure resxilts in the exposure of receptor 
recognition s i t e s at the base ring near each swinging arm of the 
t r a p . This model demonstrates one mechanism by which a la rge p r o -
te inase such as plasmin could not bind in a 2:1 molar r a t i o . 
Protrusion of one of the domains of plasmin across the hollow core 
in to the second binding s i t e could prevent s t e r i c a l l y the binding 
of a second prote inase molecule. 
Functionally act ive half-molecules of Ot M bind t ryps in and 
plasmin at the same molar r a t i o (Gonias and Pizzo, 1983a,b) which 
i s d i f ferent from nat ive (X2M. Reassociation observed in case of 
t ryps in t r ea ted half-molecules i s not seen a f t e r plasmin t rea tmei t 
(Gonias and Pizzo, 1983a), This observation i s consis tent with the 
Figure 4. Model of C^- M as proposed by 
Feldman et a l . (1985) 
(A) The na t ive moleoile by a 
schematic of the project ion 
in electron micrographs 
( I n s e t ) . 
(B) The conformational change 
of the molecule with a 
schematic of an electron micro-
graph of "fast" W-J^  ( I n s e t ) . 
B 
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present model. The same s t e r i c hindrance preventing 2:1 pro te inase 
to i nh ib i to r binding in nat ive 0<'2M prevents plasmin t rea ted two 
halves from reassoc ia t ion . Delain et a l . (1988) have studied the 
three dimensional organisation of human otpM using immuno-electron 
microscopy employing a panel of monoclonol ant ibodies . Their 
r e su l t s reveal thatOt^M has a rounded doughnut-like shape with an 
excentered cavity or ho le , some of the OtpM molecules have a regular 
more or l e s s extended t e t r a l o b u l a r s tn i c tu re which i s in cont rad ic -
t ion of what i s proposed by Feldman et a l . (1985). The "H" l i k e 
s t ruc ture represents the prote inase transformed or "fast" form of 
OC M, Furthermore, the 20 kDa receptor binding domain i s supposed to 
be present on the t i p s of the H formed a^M and not a t the hinge 
region or the contact zone of the two half-molecules. These domains 
are obscured, a t l e a s t , p a r t l y , in na t ive 0CJ4 and the simple movement 
of the two "traps arms" (Feldman et a l . , 1985) cannot explain the 
expression of the receptor recognition s i t e at the extremeties of the 
long arms. So, a change, more complex than s l i gh t movement of the 
two t rap arms per half-molecule (Feldman et a l , , 1985) i s therefore 
needed. 
The model of Delain et a l . (1988) fur ther proposes t ha t the 
globular domains of na t ive (XpM would unfold to build the l a t e r a l 
walls of the "H" and to expose the receptor binding domains. In 
t h i s scheme the ba i t region and the in t e rna l t h ioes t e r s ar^ yet to 
be located. 
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PHYSIOLOGICAL ROLE 0Fa2.MACR0GL0BULlN : 
The primary func t ion of Oc M i s of a gene ra l scavenger of 
p r o t e i n a s e both endogenous t o t h e hos t and t h o s e a r i s i n g from 
i n f e c t i o u s a g e n t s , thereby p r o t e c t i n g blood and t i s s u e p r o t e i n s 
from unwarranted p r o t e o l y t i c a t t a c k . More s p e c i f i c r o l e s f o r p^ 
have been suggested in main ta in ing hemos tas i s and modulat ing p r o -
t e o l y t i c c leavage of v a r i o u s p e p t i d e hormones (Rinderknecht and 
Geohas, 1973). Other evidence sugges t s t h a t 01 M i s impor tant in 
modulat ing va r ious immune response as we l l as t h e inflammatory 
responses (James, 1980). Hubbard e t a l . (1987) have shown t h a t 
OpM a c t s as an immunosuppressive in i t s p r o t e i n a s e complexed 
formed. Immunefluorescent s t u d i e s by Becker and Harp e l (1976) 
have shown t h a t (TtJM i s bound t o t h e su r face of endothel ia i l c e l l s 
of t h e v a s c u l a r system, l ead ing t o t h e s p e c u l a t i o n t h a t CV2M p r o -
t e c t s t h e s e su r faces from p r o t e o l y t i c a t t a c k . 
I t i s specula ted t h a t t h e r e c e p t o r mediated i n t e r n a l i z a t i o n 
of CX M p r o t e i n a s e r e p r e s e n t s t h e feed back r e g u l a t i o n which down 
r e g u l a t e s t h e r e l e a s e of p r o t e i n a s e . This i s supported by t h e 
r e p o r t of Johnson and h i s co l l eagues (1982) demonst ra t ing that0fc2M 
p r o t e i n a s e complexes a re capable of down r e g u l a t i n g macrophage 
p r o t e i n a s e s e c r e t i o n , i nc lud ing a c y t o t o x i c p r o t e i n a s e which i s 
tumorocidal in v i t r o . 
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ENTRAPMENT OF NONPROTEOLYTIC ENZYMES INTO HUMAHQC^ MACROGLOBULIN: 
Studies conducted over the l a s t few years Indicate tha t 
during the entra^Jment process t h a t follows the p ro teo ly t i c c l e a -
vage ofO^^ the co-exist ing pro te inase may also be entrapped o r 
covalently coupled to the i n h i b i t o r s , Salvesen et a l . (1981) 
were the f i r s t to demonstrate the covalent coupling of proteins 
other than the proteinases to O-^* In t h e i r s tudies with thermo-
lys in they could demonstrate s igni f icant coupling of apro t in in , 
lysozyme, anhydrotrypsin and diptrypsin to CX^ M. Soyabean t ryps in 
i nh ib i t o r and bovine serum albumin were however, not coupled in 
s igni f icant amounts. 
NaJcamura et a l . (1987) have described the entrapment of 
horse raddish peroxidase and super oxide dismutase ins ide human 
OpM in presence of Ser ra t i a p ro te inase . Horse raddish peroxidase 
was successfully entrapped in presence of the pro te inase re ta in ing 
i t s enzymatic a c t i v i t y but could not cross react with preformed 
antiperoxidase ant ibodies . Superoxide dismutase, however, could 
only be entrapped inside Otp'^  ^s ^ conjugate of the prote inase 
present at a very high concentrat ion. Ct^ M associated superoxide 
dismutase-proteinase conjugate retained s ign i f ican t SOD and p r o -
te inase a c t i v i t i e s but antigenic s i t e s of both the en2:ymes were 
masked. 
Osada et a l . (1987) have reported successful entrapment of 
CX-galactosidase inside human 0<'2M in presence of t ryps in . The 
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entrapped -gailactosidase was act ive and the enzyme-inhibitor 
complex was in ternal ized by the "^-galactosidase def ic ient 
cultered fibro b l a s t s obtained from a pa t i en t with Fabry's 
d i sease . The inves t iga tors provided evidence tha t the i n t e r n a l i -
zation occurred v ia receptor mediated endocytosis as in the case 
o f ex. M proteinase complexes. 
OBJECTIVE OF THE PRESItJT STUDY: 
As already mentioned in the in t roduct ion , considerable 
evidence i s avai lable t ha t suggests tha t CKM can entrap non-
p ro t eo ly t i c enzymes when these are included in the react ion mixture 
during the ba i t - reg ion cleavage. The entrapped non-proteinase r e t a i n 
t h e i r a c t i v i t y and exhibit no an t igenic i ty and s t e r i c a l l y prevented 
from reacting with preformed ant ibodies . TheCXpM entrapped non 
prote inases l i k e tha t associated prote inases are taken up by receptor 
mediated endocytosis by a number of c e l l s . The Ot M entrapment 
therefore appears to be a p o t e n t i a l system for enzyme del ivery In vivo. 
Use of soluble proteinase for the enti'apment of non-proteolyt ic 
enzymes leads to entrapment of la rge amount of fonner ixi(\^. This 
therefo3?e r e s u l t s not only in the decrease in the entragpment y ie ld 
of non-proteinase but also involves the r i sk of introducing the 
unwanted prote inase in the systen. The object ive of the present 
study i s therefore to evaluate the usefulness of immobilized p r o t e i -
nase in the entrapment of non p ro teo ly t i c enzymes byOC^M. 
EXPERIMENTAL 
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MATERIALS 
Qiemicals used f o r t h e p r e s e n t s t u d i e s were ob ta ined from 
t h e sources given a g a i n s t t h e i r names. Glass d i s t i l l e d wate r 
was used in a l l t h e exper iments . 
Chemical Source 
A c e t o n i t r i l e 
Acrylamide 
Ammonium p e r s u l p h a t e 
Ammonium su lpha t e 
DL-Benzoyl a r g i n i n e 
p - n l t r o a n a l l d e 
Bovine serum albumin 
Bromophenol b lue 
Coomassie b r i l l i a n t b lue R-250 
Cynogen bromide 
DEAE Ce l l u lo s e 
0 - D i a n i s i d i n e 
Horse radd i sh pe rox idase 
Hydrogen pe rox ide 
2-Mercaptoethanol 
Methanol 
N,N'-Methylene b i sac ry lamide 
Sephadex G-100 
E, Merck, I n d i a . 
Sigma Chemical Co . , U.S.A. 
E. Merck, I n d i a . 
E. Merck, I n d i a . 
Sigma Chemical Co. , U.S.A. 
Sigma Chanical Co . , U.S.A. 
B.D.H., Eiigland. 
Sigma Chemical Co., U.S.A. 
Sisco Research Laboratories, 
India. 
Reanal, Hungary. 
V.P. Chest Institute, India. 
Sigma Chenical Co., U.S.A. 
B.D.H., India. 
Sigma Chanical Co., U.S.A. 
B.D.H., India. 
B.D.H., England. 
Pheurmacia F ine Chemicals , 
Sweden. 
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Sephadex G-200 
Sepharose 4B 
Sodium dodecyl Sulphate 
Soyabean t ryps in i nh ib i to r 
Sucrose 
N ,N,N»-N*-tetramethylene diamine 
Trypsin 
Pharmacia Fine Chemicals, 
Sweden. 
Sigma Chemical Co.» U.S.A. 
Loba-Cheime, India . 
Sigma Chenical Co. , U.S.A. 
B.D.H., Ind ia . 
B.D.H., Ind ia . 
Sigma Chanical Co., U.S.A. 
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METHODS 
PURIFICATION OFa MACRDGLOBULINJ 
a) Ammonium Sulphate Fract ionat ion - To 100 ml of the outdated 
human blood plasma, 11.4 grams of ammonium sulphate (2096 s a t u r a -
t ion) was added and dissolved by s t i r r i n g a t 4^ . After 8-12 
hours , the p r e c i p i t a t e was removed by centr lfugatIon a t 10,000 rpm 
fo r 20 minutes. To 98 ml of supernatant 12.3 grams of ammonium 
sulphate (4o% saturat ion) was fur ther added. The solut ion was 
again allowed to stand for 8-12 hours . The p r e c i p i t a t e was 
recovered a f t e r centr lfugatlon a t 10,000 rpm for 20 minutes and 
dissolved In d i s t i l l e d water. Most of the ot-M a c t i v i t y was found 
In 20-40% p e l l e t . The dissolved p r e c i p i t a t e was extensively d l a -
lysed against several changes of 0.1M sodium phosphate buffer con-
ta in ing 0.1M KCl, pH 7.0 In cold. 
b) Sephadex Column Chromatography - A column of Sephadex G-200 
was prepared as recommended by Peterson and Sober (1962). 
Sephadex G-200 was allowed to swell in a su i t ab le amount of d i s -
t i l l e d water for 5 houi^ in a boi l ing water ba th . A previously 
cleaned g lass column was mounted v e r t i c a l l y and g lass wool pluged 
alongwith glass beads a t the bottom of the column. The column was 
f i l l e d to one th i rd of i t s length with the operating buffer . The 
deaerated gel s lurry was then gently poured in to the column with 
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the help of a g lass rod. The column was l e f t standing overnight . 
Flow ra te was subsequently increased gradually with the help of 
stopcock. After accomplishing a constant r a t e of flow higher than 
required for f i na l e lu t ion , the column was adjusted to the required 
flow ro te . The column was thoroughly washed with two bed volumes 
of operating buffer (-0«1M 8ddlum.phodph$it6t contdLiningl.O^IM K61 
pH 7 . 0 ) . In order to determine uniform packing and void volume 
(Vo) of the column, 2.0 ml of 296 (W/V) blue dextran was passed 
through the column. The buffer was careful ly removed from the su r -
face and prote in sample appl ied. The volume of blue dextran and 
prote in solut ion applied on the column was not more than 2-3 percent 
of the t o t a l bed volume of the column. 
c) DEAE-Cellulose Chromatography - Appropriate amoiait of DEAE 
celliilosG was suspended with 15 volumes of 0.5N HCl for half an hour 
and washed in a Buchner funnel. The washing was continued t i l l the 
pH of the f i l t r a t e was approximately 4 .0 . The exchanger was then 
t r ea t ed with 15 volximes of 0.5N sodium hydroxide for half an hour 
and the washing continued t i l l the pH of the f i l t r a t e approached 
n e u t r a l i t y . The DEAE-cellulose was then resuspended in operating 
buffer to get a homogenous s l u r r y . Fine p a r t i c l e s were removed and 
the s lur ry was poured in a clean v e r t i c a l l y mounted Jacketed column. 
The flow r a t e was gradually increased to 35 ml/hour. The column 
was then equi l ibra ted with operating buffer . The biiffer was ca re -
fu l ly renoved from the surface and pro te in sample applied. Protein 
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in the flow through was detennined and the column was washed with 
2 bed volumes of the operating buffer . Elution was performed with 
a l i n e a r gradient (0-0.4M) of NaCl in 0.01M sodium phosphate, 
pH 7,0 . 5.0 ml f ract ions were col lected and assayed for enzyme 
a c t i v i t y and p ro te in . NaCl concentration in various f rac t ions was 
detennined by conductivity measurements. 
ASSAY PROCEDURES: 
a) Protein Estimation by Coomassle B r i l l i a n t Blue Binding Assay -
Protein was estimated by dye binding method of Bradford (1976), 
using coomassie b r i l l i a n t blue G-250. BSA was used as standard 
for the ca l ib ra t ion curve. The dye reagent was prepared by d i s s o l -
ving 100 mg coomassie b r i l l i a n t blue G-250 in 50 ml of 95% ethyl 
a lcohol . 100 ml of 8596 (W/V) orthophospheric acid was added to 
t h i s so lu t ion . Most of the dye dissolved in phosphoric acid and 
the resu l t ing red coloured solution was f i n a l l y d i lu ted to one 
l i t r e with d i s t i l l e d water. The dye was f i l t e r e d through a Whatman 
No. 1 paper before use . 
Protein solut ions of appropriate d i l u t i o n s were placed in 
t e s t tubes and adjusted to a f ina l volume of 0.1 ml with 0.01M 
sodium phosphate buffer, pH 7.0. 5.0 ml of the dye reagent was 
added and the contents were vortexed. The absorbance was measured 
a f t e r 5 minutes at 595 nm against a reagent blank. Blank was p r e -
pared by mixing 0.1 ml of the buffer and 5.0 ml of dye i*eagent. 
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b) Procedure of Lowry et^eLL - Sui table a l iquots of pro te in 
solut ions were d i lu ted to 1.0 ml with d i s t i l l e d water . To t h i s 
was added 5.0 ml of freshly prepared copper reagent (prepared by 
mixing one pa r t of 0.5% w/v copper su l fa te in A% sodium potassium 
t a r t a r a t e and 50 p a r t s of 2% w/v sodium carbonate in 0.1N sodium 
hydroxide). 
After incubation a t room temperature for 10 minutes, 0 .5 ml 
of 1N Folin-phenol reagent was added and the tubes were i n s t an t l y 
vortexed, Absorbance of the blue colour was measured a f t e r 30 
minutes at 660 nm against a reagent blank in a Bausch and Lomb 
spectronic 20 spectrophotometer. 
Protein in the column f rac t ions were monitered at 280 nm. 
c) Assay of cx.2 Macroglobxilin - o^J'l a c t i v i t y was measured as i t s 
a b i l i t y to p ro tec t the t ryps in prote in es te rase a c t i v i t y (TPE-
ac t iv i t y ) from STI, as described by Ganrot (1966), The es te rase 
a c t i v i t y was measured e s s e n t i a l l y , by the procedure of Erlanger 
e t ail .(196l) with s l igh t modif icat ions. Appropriate amounts of 
i n h i b i t o r was d i lu ted to 1.0 ml with 0.01M sodium phosphate buffer , 
pH 8 .0 . To t h i s was added 0.1 ml of 0.1% t ryps in (prepared in 
0.0025NHC1). After incubation at 37° for 15 minutes, 0.1 ml of 
0.1% STI (prepared in 0.0025N HCl), a fur ther volume of 0.8 ml 
buffer and 2.0 ml of freshly prepared BAPNA solut ion (prepared by 
dissolving 43.5 mg BAPNA in 1.0 ml DMSO and then the solut ion was 
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brought to 100 ml with buffer) were added, a f t e r which the samples 
were incubated at yfo, for 30 minutes. A blank without t ryps in but 
otherwise iden t i ca l was incubated simultaneously. The react ion 
was stopped by addition of 0.5 ml of 30% ace t ic acid and the absor-
bance of yellow coloured p -n i t roana l ide formed was determined a t 
410 nm. The amount of the subs t ra te hydrolysed by the enzyme was 
-1 -1 
calculated using a molar extlnct^ion of 8800M cm for p -n i t roana l ide 
a t 410 nm. 
d) Assay of Peroxidase - Peroxidase was assayed by measuring the 
r a t e of oxidation of 0-dianis idine by hydrogen peroxide using the 
two subs t ra tes in sa tura t ing concentrations( Ugarova et a l . , 1 9 7 9 ) . 
To 2.3 ml of 0.01M sodiiM phosphate buffer , pH 7.0, was added 
0.01 ml of 21m M HpO and 0.05 ml of the 0.1-1.5nM enzyme so lu t ion . 
The increase in the absorbance at 460 nm a f t e r in tens ive s t i r r i n g 
—1 ~1 
of the mixture ( C A ^ Q « 30,000M Cm ) for the product of oxidation 
was recorded by spectronic-21 spectrophotometer. A quantity of 0 -
d ian i s id ine (>imole) oxidized per minute was taken as the measure 
of the enzyme a c t i v i t y . One uni t of enzyme a c t i v i t y i s ju moles of 
0-dianis id ine oxidized per minute. 
POLYACRYLAMIDE GEL ELECTROPHORESIS; 
PAGE was performed e s s e n t i a l l y , according to the method of 
Laemmili (1970) using slab apparatus manufactured by Atto Co., Japan. 
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Concentrated stock solut ions were mixed in the appropriate order 
and proportions to give a f ina l concentration of 3% acrylamide. 
I t was then poured in to the mold formed by two g lass p l a t e s 
( 7 x 9 cm) separated by 1«5 mm th ick spacers . Bubbles and leaks 
were avoided. A comb, providing a template for 12 sample we l l s , 
was inser ted into the stacking gel solution before polymerization 
began. When the polymerization was complete in about 2 hours , the 
comb was removed and wells were overlaid with the nanning biiffer 
samples containing 8-10 >ag of protein mixed with bromophenol b lue , 
10% sucrose and were applied to the wells of the s lab g e l . E l ec t ro -
phoresis was performed a t 100 V t i l l the t racking dye reached the 
bottom of the g e l . After the e lectrophoresis was complete, the 
ge ls were stained for prote in in 0.1% coomassie b r i l l i a n t blue R-250, 
10% acet ic acid, 40% methanol solut ion for 2-3 hours . Excess dye 
was removed by destaining the gels in 7% ace t ic acid , 10% methanol 
so lu t ion . 
IMMOBILIZATION OF TRYPSIN ON SEPHAROSE 4 B ; 
Sepharose 4B was act ivated as described by Porath e t al*(1967). 
5.0 gm of sepharose was washed thoroughly with d i s t i l l e d water in a 
s in tered g lass funnel. The gel was sucked dry and su^ended in 
5.0 ml of d i s t i l l e d water and 5.0 ml of 2M Na^ CO was added and 
mixed thoroughly by placing on a magnetic s t i r r e r . 1.0 gm cynogen 
bromide dissolved in 1.0 ml of a c e t o n i t r i l e was added to the beaker 
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containing Sepharose and mixed thoroughly in cold for 10 minutes. 
The whole mass was then t ransfer red immediately to a g lass s i n -
tered funnel and washed thoroughly with 0.1M bicarbonate buffer , 
pH 8.5» d i s t i l l e d water and once again with t he buffer . After 
thorough washing the act ivated Sepharose was dried and resuspended 
in 5.0 ml of 0.1M bicarbonate buffer, pH 8 . 5 . Required amount 
of t ryps in (10 mg/gm wet gel) was dissolved in the same buffer and 
s t i r r e d with cynogen bromide act ivated Sepharose for 24 hours in 
cold. The Sepharose matrix bound t ryps in was separated by c e n t r i -
fugation and protein in the supematent was quant i ta ted in order to 
csilculate the amount of t ryps in immobilized. The t rypsin bound 
matrix was thoroughly washed with 0.1M sodium bicarbonate buffer , 
pH 8.5 containing 1M sodium chloride. 10 ml of t h i s washed suspension 
o 
was t r ea ted with 0.1 ml of 98?6 ethanolamine for 2 hours a t 4 . The 
t ryps in matrix was washed successively with 0.1N sodium bicarbonate, 
pH 8.5 containing 1M sodium chlor ide , d i s t i l l e d water and once again 
with buffer. 
RESULTS 
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I . PURIFICATION OF^g MACROCaLOBOUN: 
The p u r i f i c a t i o n proceduire used in t h e p r e s e n t s t u d i e s i s 
based on t h a t of Miyata e t a l . (1981) with some m o d i f i c a t i o n s . 
The p r o t e i n p r e c i p i t a t e d between 20?^ t o ^% aaunonium s u l p h a t e 
s a t u r a t i o n was d i s so lved i n 0.1M phosphate bxiffer pH 7.0 c o n t a i n -
ing 0.1M KCl and d i a ly sed e x t e n s i v e l y a g a i n s t t h e same b u f f e r . 
This r e s u l t e d i n 2 . 4 - f o l d p u r i f i c a t i o n and 80% y i e l d . F igu re 5 
shows t h e e l u t i o n p r o f i l e of t h e ammonium su lpha t e f r a c t i o n a t e d 
p r o t e i n s o l u t i o n on Sephadex G-200 colijmn, o^J'i was e l u t e d ^ s t 
a t t h e void volume followed by o t h e r p r o t e i n s which e x h i b i t e d no 
t r y p s i n i n h i b i t o r y a c t i v i t y . The pooled oij'i f r a c t i o n s were 2.7-
fo ld pure and contained 659^ of t h e o r i g i n a l a c t i v i t y . The p r e p a -
r a t i o n was f i n a l l y chromatographed on DEAE c e l l u l o s e column. Bound 
p r o t e i n s were e lu t ed with a l i n e a r g r a d i e n t of 0 t o 0.2M NaCl. 
(X-M was e lu t ed as a s i n g l e peak t h a t conta ined 35% of t h e o r i g i n a l 
a c i t i v i t y with 65- fo ld enrichment i n s p e c i f i c a c t i v i t y . The p u r i -
f i c a t i o n of (?^2^ from human plasma i s summarized i n Table I . 
I I . HOMOGENEITY; 
Homogeneity ot<XM determined by po lyacry lamide g e l e l e c t r o -
p h o r e s i s performed e i t h e r in t h e p resence o r absence of SDS. The 
ammonium s u l p h a t e f r a c t i o n a t e d p r o t e i n s o l u t i o n showed a prominent 
Figure 5. Sephadex G~200 Gel F i l t r a t i o n . 
The ammonium sulphate p rec ip i t a t ed 
prote ins obtained from 50 ml of 
plasma were dissolved in l6 ml of 
0.1M sodium phosphate buffer 
pH 7.0 containing 0.1M KCl and 
dialysed extensively against the 
o 
same buffer a t 4 , 4 ml of the 
dialysed sample was then loaded 
on Sephadex G-200 column 
(2.5 X 80 cm) and the column was 
eluted at a r a t e of 25 ml/hr . 
Fractions of 5.0 ml were col lected 
and assayed forOt^M and prote in 
concentrat ion. 
(iuj/ sjiun) AjiAinv w^)o ( o ) 
E 
D 
O 
> 
c 
o 
LU 
( 0 9 Z JD 0 0 ) u i a j o j d ( • ) 
Figure 6 . DEAE-Cellulose Chromatography. 
Fractions containing (y<^^ a c t i v i t y 
col lected from Sephadex G-200 
were pooled, concentrated, dialysed 
against 10mM sodium phosphate 
buffer , pH 7.0 and applied on DEAE-
cel lu lose (2.5 x 30 cm). After 
thorough washing of the column, i t 
was eluted with a l i n e a r gradient 
of 0 to 0.2M NaCl in 10mM phosphate 
buffer, pH 7 .0 . Elution was p e r -
formed at a flow ra t e of 35 ml/hour 
and 3.0 ml f rac t ions co l lec ted . 
The f ract ions were screened forC^2M 
a c t i v i t y , prote in and conductance. 
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band and s e v e r a l f a s t moving bands (F igures 7 and 8) • Upon 
p u r i f i c a t i o n through Sephadex G-200 coluam a d i s t i n c t (KM band 
and few f a s t moving bands were observed (F igures 7 and 8 ) . 
The a d d i t i o n a l bands were removed a f t e r DEAE-cellulose chromato-
graphy and t h e p u r i f i e d p r e p a r a t i o n gave a s i n g l e band c o r r e s -
ponding to 0^2^ (Figures 7 and 8 ) . 
EFFECT OF METHYLAMINE AND TRYPSIN: 
The p u r i f i e d O^J'l was t ransformed from "slow" t o " f a s t " 
form a f t e r t r ea tmen t with methylamine and t r y p s i n . As ev ident 
from t h e F igure 9» O o^^  t r e a t e d with methylamine o r t r y p s i n 
migrated with enhanced m o b i l i t y when sub jec ted t o e l e c t r o p h o r e -
s i s in PAGE. The t r ans fo rmat ion was slow when ma t r ix l i n k e d 
t r y p s i n was used ; two hours incuba t ion was however, s u f f i c i e n t 
f o r immobilized t r y p s i n to completely conver t CKM t o t h e " f a s t " 
form (Figure 1 0 ) . 
ENTRAPMENT OF HORSE RADDISH PEROXIDASE WITHIN a^M: 
Horse raddish pe rox idase was used in s t u d i e s invo lv ing 
t h e entrapment of a n o n - p r o t e o l y t i c enzyme in cx.^. When p e r o x i -
dase was Incubated with O^-pM f o r 20 minutes a t 37 i n absence of 
t r y p s i n and chromatographed on Sephadex G-100 column (2x72 cm) 
only t r a c e s of pe rox idase a c t i v i t y was foimd in CX-M f r a c t i o n s 
Figure 7. Polyacrvlamlde Gel Electrophoresis 
The e lec t rophore t ic pa t t e rns of 
d i f ferent preparat ions of «pM 
in 5% non-denaturing gels are 
shown. 20 ;ag of each preparat ion 
was electrophoresed on the mini 
s lab gel a t room temperature using 
a current of 50 V. 
Lane A - 20^ - U0% ammonium sulphate 
f r ac t i on . 
Lane B - Sephadex G-200 f r ac t i on . 
Lane C - DEAE ce l lu lose f r ac t i on . 
IHt ^ 4 
f 
A 6 C 
Figure 8. SDS Polyacrylamide Gel Elect rophores is . 
The electrophoret ic pa t t e rns of d i f f e -
rent preparat ions of UJ'l in 5% SDS gels 
are shovn. 10 jug of each preparat ion 
was electrophoresed on the mini slab 
gel at room temperature using a current 
of 50 V. 
Lane A - 20% - 40% ammonium sulphate 
f rac t ion . 
Lane B - Sephadex G-200 f r ac t ion . 
Lane C - DEAE cel lu lose f r ac t ion . 
y, ,. 
A B C 
Figure 9 . Methylamine t r ea tmen t of 0(,J\. 
The p u r i f i e d 01 M was t r e a t e d wi th 
O.AM methylamine and incubated f o r 
8-12 hours a t 15° . The sample was 
d i a ly sed a g a i n s t 5 mM phosphate 
bu f f e r , pH 7.0 and then e l e c t r o -
phoresed on 5% gel i n absence of SDS. 
The procedure of Laeimnili (1970) was 
fo l lowed. 
Lane A - P u r i f i e d Ct^ M 
Lane B - Methylamine t r e a t e d Ot^ M 
A e> 
Figure 10. Effect of t ryps in on02M. 
The pur i f ied OtM was t r ea ted with 
2 fold molar access of t ryps in for 
15 minutes a t 37 . The react ion 
was stopped by the addition of 1 mM 
FMSF. Treatment of cx^^ with immobi-
l ized t ryps in was done for 2 h r s . 
a t 37 with occasional s t i r r i n g . The 
samples were then electrophoresised 
on 3% g e l . The procedure of Laenmili 
(1970) was followed. 
Lane A - Purif ied Ot^ M 
Lane B - oc^ M t rea ted with soluble 
t ryps in 
Lane C - oy^ t r ea ted with insoluble 
t ryps in 
A B C 
37 
(Figure 11). In presence of soluble t ryps in , however, the 
peroxidase a c t i v i t y in c^ . M frac t ions increased s ign i f i can t ly 
over tha t observed in the absence of t r y p s i n . About 9-fold 
higher peroxidase a c t i v i t y was entrapped whenOtJl premixed 
with peroxidase was incubated for 2 hrs a t 37 with t ryps in 
coupled to cynogen bromide act ivated Sepharose. As evident 
from the Figure 11 , maximum a c t i v i t y of peroxidase could be 
detected in theO-.M fract ion in preparat ion obtained using 
immobilized t r y p s i n . 
Figure 11 . Ehtrapmait of Peroxidase within Human 
The f igure shows the elut ion p r o f i l e 
of CX._M and peroxidase on a Sephadex 
G-100 column (2x72 cm). 3.0 mg of 
pur i f ied OtpM was Incubated with 0.6 mg 
of peroxidase a t 37° for 20 minutes 
in presence and absence df t r yps in . 
Incubation in presence of immobilized 
t rypsin was done for Zjs h r s . a t 37 
with occasional s t i r r i n g . The elut ion 
p ro f i l e of peroxidase not associated 
with ou31 in the preparat ion t r ea ted 
with e i the r soluble or insoluble 
t ryps in was indis t inguishable from 
tha t of the preparat ion without p ro -
te inase t reatment . 
( ) Peroxidase a c t i v i t y inOCgM f r a c -
t i ons in absence of t r y p s i n . 
( ) Peroxidase a c t i v i t y in c^^ f r a c -
t i ons in presence of soluble 
t r y p s i n , 
( ) Peroxidase a c t i v i t y in a2M f r a c -
t ions in presence of immobilized 
t r y p s i n . 
( • ) P e r o x i d a s e Ac t iv it y ( U n i t s / m l ) 
O c j en U3 
( * ) P ro te in ( m g / m l ) 
DISCUSSION 
3? 
During the past two decades extensive work has been done 
on various aspects of CX M and several i so la t ion procedures are 
therefore ava i l ab le . The most widely used procedure i s t h a t of 
Kurecki et a l . (1979) tha t exploited the zinc binding a f f in i ty 
of. c\M, Epoxy act ivated Sepharose was used for preparing Zn 
chelate columns. Plasma f ract ionated between AO-55% (NH,)2S0y 
+2 
sa tura t ion when chromatographed on Zn chela te columns gave 
about 30-fold pur i f ica t ion with 22?6 y i e ld . Others have used 
+2 Zn chelate columns in d i f ferent combinations. Imber and Pizzo 
(1981) used Zn chelate column as the f i r s t step in combination 
with gel f i l t r a t i o n on u l t roge l ACA-22. BJork and Fish (1982) 
reported tha t 4-12% polyethylene glycol p r ec ip i t a t ed plasma p r o -
t e i n s when chromatographed on Zn chelate column and Sephadex G-200 
column gave an e lec t rophore t ica l ly homogenous preparat ion of oc^M. 
Vander Graff et a l . (198A) and Arakawa et a l . (1986) employed 
polyethylene glycol p rec ip i t a t i on and Zn chelate coliomn to 
obtain 90% elec t rophore t ica l ly pureOV2M. 
Virca et a l . (1978) reported a two step i so l a t ion procedure 
of o^J^ using Cibacrone blue SQ)harose column and Sephadex G-200 
column. The preparation was reported to be e lec t rophore t ica l ly 
and immunologically pure and gave a s ingle peak on ana ly t i ca l u l t r a -
cent r i fugat ion . The procedure resxilted in a very high y ie ld of 
75%. Van Leuvan et a l , (1981) used Cibacron blue Sepharose coluxmi 
as the l a s t stQ) of pur i f i ca t ion a f t e r gel f i l t r a t i o n of polyethylene 
glycol p rec ip i t a t ed plasma p r o t e i n s . The reported recovery was 58% 
40 
and the preparat ion was 975^  pure . 
Shibuya et a l , (1988) reported a s ingle step pur i f i ca t ion 
of 00 M from human serum. The i nh ib i t o r being a glycoprotein 
exhibi ts very high a f f in i ty for a recent ly i so la ted l e c t i n from the 
bulbs of snowdrop (Golanthus n iva l i s )« The l e c t i n recognize h igh-
mannose type glycoprotein andO-^ M was the only glycoprotein in 
human serum tha t was bound to the immobilized l e c t i n . 
The pur i f i ca t ion scheme followed in the present study i s 
based on tha t of Miyata et a l . (1981). An addi t ional (NH^)2S0^ 
(20-A096) f ract ionat ion of the plasma p r i o r to gel f i l t r a t i o n proved 
advantageous in eliminating the rechromatographic s t e p s . A p u r i -
f i ca t ion of 2-fold was achieved by t h i s step with 80% y i e l d . A 
fur ther 13»5-fold pur i f i ca t ion was achieved on Sephadex G-200 
column. Fract ionat ion of Sephadex eluate on DEAE ce l lu lose column 
gave an addi t ional 2.4-fold pur i f i ca t ion with a f ina l y ie ld of 35?6. 
Miyata et a l . (1981) achieved 49-fold pur i f i ca t ion by f rac t iona t ing 
plasma on Sephadex G-200 column, and then on DEAE ce l lu lose column 
with 55% y ie ld . Miyata et a l . carr ied out the rechromatography 
on DEAE cel lu lose and then on Sephadex G-200 to get a f i n a l 56-fold 
pur i f i ca t ion with 44% y ie ld . 
The pur i f ied (XJA preparat ion obtained in t h i s study appeared 
homogenous in SDS and non-SDS polyacrylamide e lectrophoresis 
(Figures 7,8) and showed the cha rac t e r i s t i c "slow" to "fast" t r a n s -
formation upon treatment with methylamine on 5% na t ive gel (Figure 9) • 
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Soluble as well as matrix-linked t ryps in was capable of bringing 
about t h i s transformation (Figure 10) Indicat ing tha t iaunobiliza-
t i on process does not r e s t r i c t the bai t - region cleaving a b i l i t y 
of t ryps in . These r e su l t s also suggest t h a t the ot^ M preparat ion 
i so la ted was homogenous and ac t ive . These observations are in 
agreement with the r e su l t s of BJork (1984) vAio reported "non-
productive" ac t iva t ion o±c^,J^ exposed to immobilized t r y p s i n . 
Osada et a l . (1987) and Nakamura et a l . (1987) have 
separately demonstrated the entrapment of enzymes other than the 
p ro teo ly t i c enzyme wi th inoy i . This was poss ib le by including the 
enzyme (to be entrapped) along with theRratetoafie during b a i t -
region cleavage. While Osada et a l . (1987) used t ryps in for the 
entrapment of (X-galactosidase, Nakamura et a l , (1987) employed 
Se r ra t i a prote inase for t h i s purpose,tX-galactosidase was en-
trapped inO-^ by Osada et a l . (1987) and peroxidase as well 
as SOD-proteinase complex was entrapped by Nakamura et a l . The 
ex M with the entrapped non-proteolyt ic enzymes behaved l i k e t ha t 
with entrapped pro te inase . 0^J^ containing entrapped C!^-galactosidase 
was in terna l ized spec i f ica l ly by the cxiltured f ib rob las t s derived 
from pa t i en t s of Fabry's d i sease . The a b i l i t y of the entrapped 
enzymes to bind to specif ic antibody was also l o s t upon entrapment. 
The approach using soluble prote inase i s however expected to r e su l t 
in the uptake of the prote inase by the majority of the Oi'^ M popula-
t i o n . The administration ofO^p^ with entrapped act ive prote inase 
along with the appropriate enzyme may not be des i rab le in view of 
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the po ten t i a l of the former in bringing about the unwanted p r o -
t e o l y s i s . While the CX M entrapped prote inases may be inhib i ted 
by specif ic small molecular weight inh ib i to r s (Haverback et a l . 
1952; Ganrot 1966, 1967; Karic and Glazer, 1981) the introduction 
of the prote inase i nh ib i to r in the lysosomes may not be des i rab le 
e i t h e r . Use of the insoluble enzymes for ba i t - region cleavage 
and entrapment on non-proteolyt ic enzyme offers the advantage 
tha t no prote inase i s entrapped in the(X M molecule. While the 
extent of incorporation of peroxidase achieved in the present 
study not very high i t i s ce r ta in ly f a r higher as compared to 
tha t obtained using the soluble enzyme. We are t ry ing to workout 
the conditions for entrapment of the non-proteolyt ic enzymes in 
high y i e l d s . 
SUMMARY 
^3 
The mechanism by which Oi. M i n h i b i t prote inases i s unique. 
The prote inases are entrapped in an act ive form but are s t e r i -
cal ly prevented from acting on la rge molecular weight subs t r a t e s . 
Prelimanary repor ts also ind ica te t ha t non-proteolyt ic en23nnes 
may also be entrapped with re tent ion of t h e i r c a t a l y t i c a c t i v i -
t i e s . Since the ant igenci ty of theCA-jyi entrapped enzymes i s 
masked, C^J\ seems promising in the in vivo del ivery of the enzyme. 
Human c\pM was pur i f ied from out-dated blood in a 3 step 
procedure. The prote ins were p rec ip i t a t ed between 2Q-kQ% 
ammonium sulphate saturat ion and chromatographed on Sephadex G-200 
column. This resul ted in 27-fold pur i f i ca t ion with 65% y i e l d . The 
O^M frac t ions obtained from Sephadex columns were concentrated, 
dialysed and chromatographed on a DEAE-cellulose column. Fract ions 
containing(X-M a c t i v i t y gave a s ingle band in polyacrylamide gel 
e lect rophoresis suggesting the homogenity of the prepara t ion . This 
procedure resul ted in 67-fold pur i f i ca t ion with ¥*•% y i e l d . Upon 
treatment with methylamine and t ryps in , CX^M was transformed from 
"slow" to "fast" form as evident from the migration on 5% g e l s . 
Immobilized t rypsin was also effect ive in transformation of CX.2M 
to the "fast" fonn. 
Entrapment of horse raddish peroxidase within OCpM was 
at tenpted in presence of soluble and immobilized t ryps in . 
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Incubation of (X M with soluble t ryps in in prese ice of peroxidase 
resul ted in s igni f icant entrapment of enzyme.Significantly 
higher entrapment yield was achieved when t ryps in iza t ion was per-
formed using immobilized prepara t ion . 
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